They were monitored by repeated ultrasound scanning via the transtemporal approach. The sonographic appearance of the hematomas on B-mode scans and the angle-corrected blood flow velocity in the basal cerebral arteries were assessed.
Results: There was unequivocal localization of the hematoma in 18 patients (78%). In 3 cases (13%), an adequate acoustic window could not be found. One small intracerebral hemorrhage was overlooked, and one extensive hemorrhage in the basal ganglia was misdiagnosed as a lobar hematoma. There was an alteration of the appearance of the hematoma with time. This was divided into three sonographic stages (initial stage, days 1 to 5; intermediate stage, days 6 to 10; and capsular stage, from day 10). In 14 of the 20 patients with an appropriate acoustic bony echo window, the blood flow velocity in the middle cerebral artery could be measured; in 1 of these patients, the signs of increasing intracranial pressure were apparent from Doppler frequency spectrum. In 5 patients, the intracerebral hematoma could be imaged but not the ipsilateral middle cerebral artery. One female patient showed cerebral circulatory arrest at the time of examination, which took place within 24 hours after the onset of clinical symptoms.
Conclusions: Most intracerebral hematomas in adults can be imaged in B-mode. Their sonographic appearance changes over the course of the disease. The advantages of this noninvasive method are its easy bedside operation and its suitability for follow-up; it is also less stressful than other imaging procedures. It yields a combination of structural and functional diagnostic information. In approximately 13% of the cases, the investigation was not feasible because of Color-coded duplex sonography was performed transtemporally in projection to the so-called "orbitomeatal line" using a 2.5-MHz 900 sector transducer (HP SONOS 1000, Hewlett-Packard Co, Palo Alto, Calif). With a scanning depth of 16 cm and progressing from the side opposite the hematoma, imaging of the brain stem was necessary first to obtain a "landmark" for orientation.
By tilting the duplex probe, the maximum extent of the hematoma could then be imaged in the opposite hemisphere in both axial and coronal planes. In a second step, the angle-corrected blood flow velocity in the Ml segment of the MCA was assessed from the ipsilateral side. The size of the hematomas diagnosed by transcranial duplex scanning varied from 6.8 x 4.8 x 3.2 cm3 (approximately 55 mL) to 1.2x 1.0x 1.5 cm3 (approximately 1 mL). The size of the undiagnosed intracerebral hemorrhage was 1.2x0.8 cm2 (approximately 0.5 mL) on the computed tomographic scan and could not be clearly demarcated sonographically from the cortical folds.
Alterations over time in the sonographic appearance of the intracerebral hematomas (Fig 1) can be divided into three phases (Fig 2) : the initial phase, the intermediate phase, and the capsular phase.
During the initial phase, extending from day 1 to day 5 after the onset of the hemorrhage, the hematoma is more echogenic than the surrounding brain tissue and at first appears sharply demarcated, but later the margins become blurred. In a few patients, patches of lesser echogenicity could be observed within the sharply demarcated echo-dense hematoma on the first day (Fig  2A) , before the hematoma became uniformly echo dense during the following day (Fig 1B and 1C) . We couldn't see any direct duplex signs of perihematoma edema.
During the subsequent intermediate phase (days 6 to 10), there was a gradual decline in echogenicity in the center of the hematoma (Figs lE and 2D) .
The period after day 10 can be referred to as the capsular phase. At this stage, the center of the hematoma is of lesser echogenicity than the surrounding brain tissue and is lined by a fine, distinct, echo-dense seam ( Figs Hi, ii, and 2F) .
In assessing intracerebral hematomas, the question of ventricular involvement is of clinical interest. In Fig 2, an echo-dense structure is clearly visible in the anterior horn of the lateral ventricle, indicating intraventricular blood. When blood enters the posterior horn of the lateral ventricle, distinguishing it morphologically from the echo-dense choroid plexus may be difficult. Sometimes a decision can only be made on the basis of serial duplex sonographies. In the remaining portions of the ventricles, blood can be recognized by its typical echodense appearance within the cerebral parenchyma.
In 14 of the 20 patients with bony echo windows, the MCA could be demonstrated (Table 2 ). In four women and one man, because of compromised sonographic conditions, only the hematoma could be imaged but not the flow velocity in the basal cerebral arteries. In one 36-year-old man with a left-sided temporoparietal lobar hematoma, the typical Doppler sonographic signs of increasing intracranial pressure appeared. Fig 3A shows the midline shift caused by the space-occupying lobar hematoma on the left side. In the course of increased intracranial pressure, an elevated pulsatility index ( Fig  3B) and, in the final stage, a swelling of the basal cisternae with brain stem compression (Fig 3C) could be detected. This patient eventually died of cerebral circulatory arrest.
Cerebrospinal fluid circulation disturbance is a severe complication of intracerebral hematoma. Fig 4 shows duplex scans of a 58-year-old man with a thalamus hematoma and blood in the third and lateral ventricle. From day 2 to day 4 the diameter of the lateral ventricle contralateral to the hematoma increased, indicating hydrocephalus. A ventricular shunt was applied 4 hours after the last duplex scan on day 4, and the intraventricular pressure was elevated up to 32 mm Hg.
Discussion
The present study shows that in 19 of 23 (83%) adult patients with intracerebral hematomas confirmed by computed tomography, the diagnosis was made by transcranial duplex sonography. The size and localization of the hematomas are important. Small cortical hemorrhages cannot be clearly distinguished from the echogenic appearance of the border zone between the cortex and subarachnoid space.
In adults, there is a characteristic change in the sonographic appearance of the hematomas over time, which hitherto could only be investigated in experimental animals after performing trepanation9 and in new- ning to be converted to hemosiderin; on computed tomography, this leads to a decrease in the density of the edge of the hematoma. 13 The capsular phase (from days 9 to 13) described in the experimental animal is characterized histologically by a network of collagen and macrophages. The sonographic correlate is an hypodense, sharply demarcated seam around the hematoma.
Histologically, in the last phase, which may be referred to as the phase of organization (from day 14), there is an increase in the thickness of the connective tissue capsule around the hematoma, which now has a collagen matrix. On ultrasound, the echo-dense seam begins to narrow.
Altogether, the results obtained in animal experiments correlate well with our investigations in humans. Complications of intracerebral hematomas, such as ventricular involvement, cerebrospinal fluid circulation disturbance, and space-occupying effects, can be recognized by means of transcranial duplex sonography. Hemorrhage into the lateral ventricles, when limited to the posterior horn, leads to diagnostic difficulties because the choroid plexus is of similar echogenicity. An unequivocal differentiation may only be possible by serial scanning, since intraventricular blood disappears sonographically during the early days of illness, whereas the echogenic structure of the choroid plexus remains unaltered.
Additional information about alterations in intracranial pressure may be obtained by analyzing the Doppler frequency spectrum of the basal cerebral arteries when an increase in peripheral resistance accompanied by a decrease in flow becomes apparent during the course of the condition. In the present study, other hemodynamic data yielded no evidence of vessel spasm. A more detailed analysis of hemodynamic phenomena in connection with intracerebral hematomas is in progress.
Our results show that transcranial duplex sonography is capable of imaging the majority of intracerebral hematomas, that it is suitable for follow-up of these stroke patients, and that it is less stressful than other imaging procedures. There are no sonographic differences between ischemic areas of the brain and healthy brain tissue. The method used in the present study not only facilitates diagnosis on the basis of morphology but also allows hemodynamic aspects to be assessed, independent of possible vascular displacement. From 
